Improving Outcomes for Diabetic Patients Undergoing Vascular Surgery
Joyce Najarian, MSN; Deborah Swavely, MSN; Eric Wilson, MD; Larry Merkle, MD; Thomas Wasser, PhD; Angela Hesener Quinn, BS; Sallie Urffer, MHA; and Mark Young, MD Improving management of inpatients with diabetes undergoing vascular surgery requires collaboration among many health care practitioners. This article describes a performance improvement project that implemented two evidence-based algorithmic order sets to guide perioperative glucose management for diabetic patients undergoing vascular procedures and utilized a certified diabetes educator (CDE) to educate health care practitioners. Results showed statistically and clinically significant reductions in infection and differences in mean blood glucose between pre-and postintervention groups, including a direct relationship between glucose control and the level of involvement of a CDE in patient care.
Diabetes affects approximately 18.2 million people in the United States, resulting in an estimated $132 billion annually in direct and indirect costs. The number of adults with diagnosed diabetes has increased 61% since 1991. 1, 2 Because life spans are becoming longer and the incidence of diabetes increases exponentially with age, health care providers will be treating an escalating number of type 2 diabetic patients over the next several decades, with projections that this population will more than double by 2050. In the United States, substantial resources are needed to improve both the acute and long-term management of patients with diabetes and to address the growing epidemic and its increasing impact on health care expenditures.
The primary emphasis of most diabetes research has been directed toward optimal glycemic control and its role in preventing long-term complications. Until recently, there have been few studies emphasizing the importance of hyperglycemia management in the acute care setting. Most acute care studies have targeted glucose control in surgical patients with diabetes and in critically ill hyperglycemic patients.
Initial studies in the late 1990s focused on implementing insulin infusion protocols that maintained glucose levels at < 200 mg/dl postoperatively in open-heart surgery patients. Intravenous (IV) insulin protocols resulted in a reduction in mortality and sternal wound infections. [3] [4] [5] [6] Latham, et al. 7 found that the rate of surgical site infection correlated with the degree of postoperative hyperglycemia in cardiothoracic surgery patients.
A more recent study 8 in which blood glucose in critically ill patients was controlled to 80-110 mg/dl demonstrated a reduction of 34% in overall in-hospital mortality and significant reductions in morbidity. Morbidity measures included reductions in bloodstream infections by 46%, acute renal failure requiring dialysis or hemofilitration by 41%, median number of red blood cell transfusions by 50%, and critical illness polyneuropathy by 44%. Additionally, patients receiving intensive insulin therapy were less likely to require prolonged mechanical ventilation and intensive care. Umpierrez et al. 9 found that hyperglycemia is an important marker of poor clinical outcome and mortality in patients who are not critically ill and are admitted to general medicine and surgery wards.
Historically, sliding scale insulin orders have prevailed as the primary inpatient physician order, despite the fact that there is no scientific basis for their use. Queale 
Needs Assessment
Given the broad task of improving the surgical management of patients with diabetes, the first step was to examine available hospital surgery data. Approximately 23% of all inpatient hospitalizations at LVHHN had a primary or secondary diagnosis of diabetes, which is significantly higher than the 16% incidence rate for all Pennsylvania hospitals. 13 More specifically, data showed that 16% of all patients from our top 30 surgical diagnosis-related groups had primary or secondary diagnosis of diabetes. Additionally, these diabetic patients stayed in the hospital an average of 2.7 days longer than nondiabetic patients.
Considering these data, we performed a retrospective review of 63 randomly selected charts to determine why there was an increased length of stay (LOS) in the diabetic surgical population. As expected, multiple comorbidities were present in this population, which contributed to increased LOS. However, the chart review revealed an average blood glucose of 215 mg/dl, variation in medical management, a low frequency of glucose monitoring, and a high frequency of treatment using sliding scale insulin regimens without basal dosing. Additionally, of the 63 cases, 17 had hospital-acquired infections, including wound, urinary tract, and intravenous access line. These findings provided us with sufficient evidence to know there was room to improve medical management of surgical patients with diabetes.
We decided to focus our performance improvement efforts on the vascular surgery population because we determined that 30% of these patients had diabetes and an average LOS 3.5 days longer than a similar group of nondiabetic vascular surgical patients. While the cardiothoracic population at our institution also has a high incidence of patients with diabetes, we chose not to focus on this population because we had implemented IV insulin infusion orders with improved outcomes several years earlier.
Program Design
An interdisciplinary team was formed to establish interventions designed to improve perioperative (pre-, intra-, and postoperative) glucose control to improve clinical outcomes of diabetic patients undergoing vascular procedures. Representatives from endocrinology, vascular surgery, pharmacy, anesthesia, nursing, care management, and diabetes education comprised the team.
After an extensive review of literature and national benchmarking, we designed and approved two evidencebased algorithmic order sets to guide perioperative diabetes management. The first order set addressed the use of IV insulin infusion (Figure 1 ), and the second addressed the administration of subcutaneous insulin or oral medication. Both order sets were designed by members of our interdisciplinary team.
Existing published protocols and examples from benchmark institutions were reviewed and analyzed. The clinical expertise of staff was sought to obtain feedback on our former protocols in order to include changes that would ensure achieving glucose control in a timely manner without sacrificing safety. Particular attention was paid to including clear guidelines for initiation and titration, with special consideration that IV insulin was rarely used on our medical-surgical floors in the past. Additionally, the titration design was based on a suggestion to not only adjust rates based on current glucose values, but also to titrate based on where the previous values were. The subcutaneous order set was designed to encourage the temporary initiation of intermediate-or long-acting insulin instead of the traditional ineffective sliding scale insulin. Another key consideration in the development of both order sets was to make them fairly automatic, allowing for individualization by physicians as needed to cover standing orders that would reduce phone calls to physicians as well as standardize care based on evidence findings at the time.
It was recommended that all prospective vascular surgeries with a duration of ≥ 2 hours, including carotid endarterectomies, abdominal aortic aneurysm repairs, and peripheral vascular bypasses, use the IV insulin infusion order set. This order set directed that IV insulin begin at any point perioperatively when blood glucose rose above 180 mg/dl and be maintained postoperatively until the patient tolerated oral intake. The target blood glucose range was 120-180 mg/dl.
Since project implementation, we have revised the IV insulin order set based on new evidence-based literature. The new order set initiates IV insulin to begin when blood glucose rises above 150 mg/dl with a target glucose of 90-130 mg/dl.
The use of IV insulin was feasible for staff because most vascular surgery patients receive care in specialized monitored medical-surgical vascular rooms or critical care units. On medical-surgical units, nursing support staff performed the hourly glucose measurements for patients on IV insulin, which made the nursing workload more realistic.
For vascular procedures lasting < 2 hours, such as amputations, a subcutaneous/oral medication order set was initiated. This order set provides guidelines for preoperative insulin or oral medication adjustments. These guidelines also recommend postoperative initiation of background insulin (intermediate-or long-acting) in conjunction with short-or rapid-acting insulin correction dosing based on the patient's insulin sensitivity factor.
To promote successful implementation of the order sets, an inpatient certified diabetes educator (CDE) provided multiple educational sessions for nursing and physician staff. Educational sessions were provided for nursing staff on all shifts on the medical-surgical unit, where most patients receive care after vascular surgery, as well as for nursing staff in preadmission, operating room, recovery, and the critical care/monitored units receiving vascular surgical patients. Attending physicians and residents in the departments of internal medicine, family practice, and surgery also received educational presentations regarding the order sets and program goals.
Based on the premise that academic detailing 14 has been shown to be more effective in changing traditional practice patterns than didactic educational sessions alone, the project design involved CDE intervention with the surgeons or consulting medical physicians. The CDE helped to guide implementation of the appropriate order set to improve diabetes care throughout patients' hospital stay.
As the project progressed, the CDE reviewed daily operating schedules and worked with physicians to place appropriate diabetes order sets. The CDE followed patients as closely as possible throughout their hospitalization and advised physicians on methods to improve or maintain glucose control on a case-by-case basis. Educational emphasis was placed on avoiding sliding scale insulin regimens that have no efficacy without background insulin and on suggestions for alternative strategies for glucose control. Periodic educational and progress updates were published in internal physician newsletters and reviewed at appropriate department and section meetings.
Program Evaluation
Program evaluation was designed to measure clinical data from pre-and postintervention groups. To demonstrate efficiency and clinical effectiveness of improved glucose control in our vascular surgery population, a comparative change analysis was done using pre-and postintervention data. The intervention included implementation of the preprinted order sets, education of health care providers regarding the new guidelines, and CDE case involvement.
Preintervention data were retrospectively collected on 90 randomly selected charts for diabetic vascular surgery patients undergoing procedures for 1 year before the program. Postintervention data were collected prospectively on 144 diabetic patients scheduled for vascular surgeries for 1 year postimplementation, ending in May 2002. Outcome measures included perioperative glucose values, operative procedure length, length of stay, hospital-acquired infections (defined by new positive cultures ≥ 72 hours after admission), and readmissions for wound-related infections within 30 days of discharge. Process measures were also recorded, including appropriate initiation of IV insulin guidelines, administration of medications, and any deviations from the order sets.
During program implementation, the research team realized that, because of multiple job requirements, the amount of time the CDE could work with physicians and patients on a day-to-day basis would vary. A decision was made to categorize patients into three groups based on the CDE's degree of involvement with each case. The degree of involvement with patients and the clinical teams caring for them was categorized as minimal, moderate, or maximal. Minimal involvement was defined as little or no contact (< 30% of the patient's stay) between the CDE and the patient and/or clinical teams during the patient's hospital stay. Moderate was defined as CDE involvement during 30-65% of the patient's stay. Maximal involvement was defined when the CDE frequently visited the patient and clinical team (> 65% of the patient's hospital stay).
Demographic data for both preintervention and postintervention groups were examined. There were no significant differences in race, age, or sex between the groups (Table 1) , and distribution of the types of vascular surgery procedures was comparable in both groups (Table 2) .
There was a 19.8% decrease (P < 0.001) in the total rate of infections between pre-and postintervention group. Even when multiple infections in the same patient were accounted for, total patients with infections decreased by 14.2% (P = 0.002). Urinary tract infection was the only infection type with a statistically significant difference pre-to postintervention (P = 0.009). There were no significant differences for other specific infection types, but the drop in respiratory and blood infections approached significance (P = 0.074 and P = 0.056) ( Table 3 ). The difference in mean blood glucose was statistically significant between the pre-and postintervention groups (P < 0.0001). Although clinically important, the reduction in overall LOS by 0.9 days postintervention was not statistically significant (P = 0.385). The difference in readmissions between the pre-and postintervention groups was not significant (P = 0.356) because of a relatively small sample size of readmissions (Table 4) .
When the postintervention group was further stratified by degree of CDE involvement, the difference in average Feature Article/Improving Outcomes During Vascular Surgery blood glucose was significant (P < 0.001) between the preintervention group and the postintervention groups with moderate and maximal CDE involvement. There is no difference between the preintervention group and the postintervention group with minimal CDE involvement. Total infections were significantly different (P = 0.002) between the pre-and each of the postintervention groups (Table 5) .
To evaluate the safety of more aggressive insulin management, we examined prevalence of hypoglycemia in each of the groups. Hypoglycemia events were broken into two groups and evaluated separately because our hospital policy requires treatment when blood glucose is < 70 mg/dl, and clinical hypoglycemia is defined as blood glucose < 50 mg/dl.
In the preintervention group (n = 90), there were a total of 128 blood glucose measurements < 70 mg/dl, and 28 of these were < 50 mg/dl. Data from the postintervention group (n = 144) revealed a total of 120 glucose results < 70 mg/dl, with 21 of those < 50 mg/dl. Furthermore, of the 21 glucose readings < 50 mg/dl in the postintervention group, 9 occurred in patients receiving subcutaneous insulin or oral medications rather 
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than IV insulin. All hypoglycemic events were appropriately treated without adverse effects. These data provided comforting evidence that the new insulin protocols did not raise the risk for hypoglycemia in our project.
Summary and Conclusions
The goal of this project was to evaluate interventions designed to improve clinical outcomes for diabetic inpatients undergoing vascular procedures.
Our results showed that implementation of evidence-based diabetes order sets in conjunction with education by a CDE can improve clinical outcomes for diabetic patients undergoing vascular procedures.
Separate from clinical measures, we made several observations that may be useful when embarking on a similar process-improvement endeavor. One observation was that physician support improved as our clinical data began to demonstrate positive outcomes, indicating that internal and external data are important to successfully implementing practice change. Likewise, a project of this nature clearly requires a physician champion and administrative support to facilitate change processes.
An additional observation relevant to successfully managing diabetic patients undergoing vascular surgery is that lower patient-to-nurse ratios and the use of support staff made the labor-intensive approach to frequent blood glucose monitoring and IV insulin titration more feasible outside of the critical care environment. Vascular surgery patients who had abdominal aneurysm repairs or carotid endarterectomies were typically placed in a critical care setting where a 1:1 or 2:1 patient-to-nurse ratio exists. IV insulin infusions in this setting are fairly routine. However, other vascular surgery patients are typically placed on medical-surgical nursing units that have a 6:1 or higher patient-to-nurse ratio or sometimes in a specialized monitored medical-surgical room with a 4:1 patient-to-nurse ratio. The post-surgical patients with IV insulin who went to the monitored or general medical-surgical area posed an initial concern in terms of staffing workload and patient safety.
It was a challenge to effectively educate a large number of health care professionals to ensure competence with the use of the IV insulin infusion guidelines. Clinical experience, ongoing education, and increased awareness of the importance of glucose control helped to alleviate concerns, and gain acceptance for and facilitate adherence to the new diabetes management guidelines. Changing historical indifference to hyperglycemia in the acute care setting and gaining acceptance of the new order sets required persistence.
We also learned that improving outcomes and changing practitioner patterns required dedicated time to accomplish one-on-one ongoing education and feedback. The Task Force on Community Preventive Services of the Department of Health and Human Services and the Centers for Disease Control and Prevention strongly recommends case management for diabetic patients because it is highly effective in improving glycemic control. 15 Our study results showed that there were increased benefits when the CDE was more involved in the case management of patients. Therefore, it could be possible that our outcomes could have been even better with a greater allocation of effort from the CDE.
As a result of our project, we have been working to continually improve the management of our inpatients with diabetes. As mentioned earlier, we revised order sets as a result of project evaluation and new evidencebased literature. Both the IV insulin order sets and adult general management orders were revised to have lower glucose control targets and to be more user-friendly. Additionally, we are working to incorporate these order sets into a computer-assisted physician order entry system. This will make it easier for physicians to access the appropriate order sets by eliminating the need to physically locate paper order sets.
Health care professionals are becoming more acutely aware of the need to tightly control blood glucose in hospitalized patients with diabetes. This is evident through a recent consensus report from the American College of Endocrinology and the American Association of Clinical Endocrinologists calling for more aggressive in-hospital glucose control because of its impact on morbidity and mortality. 16 Additionally, the American Diabetes Association published a comprehensive technical Table 5 . CDE Involvement review, written by the Diabetes in Hospitals Writing Committee, supporting the need to work collaboratively to improve inpatient management of hyperglycemia in acute care settings. 17 Our performance improvement project supports this stance and describes methods of overcoming barriers to achieving improved glucose control in non-critically ill vascular surgery patients. We will continue our efforts to improve the inpatient management of our patients with diabetes.
